Photosynthetic reaction centers in artificial membranes: estimating protein dimensions by freeze-fracture and freeze-etching.
Because estimates of size and shape for membrane proteins are difficult to obtain directly, many workers have incorporated purified proteins into artificial lipid bilayers. Freeze-fracturing has then been used to provide a measure of the approximate size and shape of the membrane protein. We have formed reconstituted membranes containing the photosynthetic reaction center of Rhodopseudomonas viridis, a photosynthetic bacterium. The size and shape of this reaction center is accurately known from studies of negatively stained crystals of the protein to be approximately 4.5 X 6.0 nm. Freeze-fracture images of the reaction center in phosphatidyl choline liposomes show particles formed after reconstitution with an average diameter of 12.3 nm, much larger than the actual size of the protein. Deep-etched images of the surfaces of the liposomes, in which each individual reaction center complex can be seen clearly, show why the diameter of the protein is exaggerated in freeze-fracture. The individual reaction centers tend to cluster into large groups, allowing several individual reaction centers to be visualized as a single (much larger) particle in freeze-fracture. Freeze-fracturing, although a valuable tool in the analysis of membrane structure in natural and artificial membranes, must be used with caution in the estimation of molecular sizes and shapes.